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Agriculture¶s contribution to the provision of public goods through its production of food and 
fibre (so-called multifunctionality) is in many countries seen as a legitimate reason to justify 
public intervention in the agricultural sector. Although a lot of theoretical research has been 
carried out within the field of multifunctionality, much remains to be done when it comes to 
empirical analyses.  
The research project ³Operationalization of multifunctionality using the CAPRI modeling 
system´ financed by the Research Council of Norway makes an attempt to narrow this gap. Its 
aim is to study the effects of policy instruments on agriculture¶s multifunctionality by defi-
ning quantitative indicators for selected elements of agriculture¶s multifunctionality that can 
be implemented in the agricultural sector model CAPRI.  
This working paper describes the establishment of an appropriate regionalization in the 
CAPRI model. It follows from the nature of the project that it is important to design regions 
that exhibit similar characteristics with respect to the multifunctionality of agriculture. 
Currently, the regionalization in the model follows county borders. This level is not 
appropriate when multifunctionality is concerned.  
The task has been addressed by performing a cluster analysis by which Norwegian munici-
palities have been grouped with respect to their performance on variables that aim at 
describing agriculture¶s multifunctionality.  
The paper is the product of a joint effort by Klaus Mittenzwei, Maria Loureiro, Ola Flaten, 
Sjur Spildo Prestegard (all NILF), Wenche Dramstad, Wendy Fjellstad and Arnt Kristian 
Gjertsen (all NIJOS). Klaus Mittenzwei, the project manager, has done most of the writing. 
Sjur Spildo Prestegard has written parts of chapter 1. Maria Loureiro has conducted the 
cluster analyses. All members of the project team have contributed with valuable comments. 
Anne Moxnes Jervell has read the working paper and made useful comments and corrections. 
Siri Fauske has edited the final paper for printing.  
 
 
Oslo, December 2004 
 
Ivar Pettersen 
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The level of support to Norwegian agriculture is partly justified with reference to agriculture¶s 
multifunctionality. The concept of multifunctionality involves the provision of so-called 
³public goods´ by agriculture, in addition to the production of food and fibre. Examples of 
these public goods include cultural landscape, biodiversity, ecological functions, cultural heri-
tage, the viability of rural areas, and food security.  
The overall aim of the research project ³Operationalization of multifunctionality using the 
CAPRI modeling system´ is to study the effects of policy instruments on agriculture¶s multi-
functionality by defining quantitative indicators for selected elements of agriculture¶s multi-
functionality that can be implemented in the agricultural sector model CAPRI. This working 
paper takes a first step towards the appropriate regionalization when multifunctionality is 
concerned.  
The current regionalization of the CAPRI model is at the county level. This approach fails 
when multifunctionality is concerned, because many issues of multifunctionaliy (e.g., cultural 
landscape aspects) are independent of administrative borders at that level. As the aim of the 
overall project is to study the effects of policy instruments on agriculture¶s multifunctionality, 
it is important to design regions within the CAPRI model that to a greater extent exhibit 
similar characteristics with respect to aspects of agriculture¶s multifunctionality. Accordingly, 
it is reasonable to assume that policy changes will have quite similar effects on the multifunc-
tionality indicators within each of these CAPRI regions. This task has been addressed by per-
forming a cluster analysis by which Norwegian municipalities have been grouped with respect 
to their performance on variables that are expected to describe different aspects of the multi-
functionality of agriculture. This information will then later on be used to regionalize the 
CAPRI model accordingly. 
The term cluster analysis encompasses a large number of techniques developed to identify 
groups of observations with similar characteristics. The theory behind clustering is an ex-
pected positive relationship between the variables¶ Euclidean distance and the similarity of 
the observations. Numerous methods for cluster analysis are available. For the purpose of our 
analysis, disjoint clusters are appropriate, i.e. each geographical area is placed in one and only 
one cluster. Based on the analysis of our dataset, we use a direct clustering of the data. As the 
number of clusters is exogenously given, the analysis is run for different numbers ranging 
from 6 to 15. In a final step, the appropriate number of clusters is selected. 
The unit of observation in the cluster analysis is the municipality. For each of the 435 mu-
nicipalities in Norway, variables covering various aspects of multifunctionality such as natu-
ral conditions, socio-demographics, environmental issues, the agro-food sector, land use and 
animal numbers, pluriactivity of farm businesses, landscape issues and the farm structure 
were defined. Starting out with more than 70 variables, 19 variables were selected for the fi-
nal analyses on the basis of their expected importance with respect to multifunctionality.  
Having studied the results of cluster analyses with different numbers of clusters, the result 
producing ten regions was finally selected. The regions are ordered alphanumercially with 
respect to their centrality. Region A covers three major towns with little agricultural activity. 
Region B consists of larger town and centres where agriculture plays a minor role. Regions C 
to G contain municipalities in central areas with a high degree of agricultural activity. Most of 
the country¶s cereal production and animal production based on feed concentrates is located in 
these regions. Region H and I cover rural areas in which agriculture is dominated by grassland 
and the husbandry of grazing animal. Region J contains municipalities in rural areas in which 
agriculture is marginal due to natural conditions. 
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Multifunctional agriculture has become a frequently used term with regard to agricultural 
policy debate in Norway, especially connected to agricultural trade negotiations within the 
World Trade Organization (WTO). It has also become an important subject matter within the 
European Union and the Organisation for Economic Cooperation and Development 
(EuroChoices 2001, OECD 2001, OECD 2003).  
The concept of multifunctionality involves the provision by agriculture of public goods1 or 
positive externalities2 in addition to the production of food and fibre (Prestegard 2004, Vatn 
2002). Examples of these public goods include among others cultural landscape, biodiversity, 
ecological functions, cultural heritage, the viability of rural areas, food security, and animal 
welfare (Romstad et al. 2000). Elgersma (in press) gives a broad definition of agriculture¶s 
multifunctionality as ³a socially constructed concept that recognises that agriculture beyond 
its primary role of producing food and fibre also provides other functions («)´. According to 
Hall et al. (2004), multifunctional agriculture attempts to establish a new balance between 
traditional commodity support and payment for the production of non-market or public goods 
and services that are increasingly demanded by the public. On the other hand, Knickel & 
Peters (in press) interpret multifunctional agriculture as a broadening and a deepening of 
typical agricultural activities. Examples of the former include management of nature and land-
scape and agri-tourism, while examples of the latter include organic farming and direct 
marketing of typical agricultural activities. Sometimes, public goods or positive externalities 
will be produced automatically as a by-product of the production of food and fibre, and 
without additional costs. In other cases, these goods will not be produced, or will be produced 
in sub-optimal quantities, unless an ³extra payment´ is assured. Consequently, in a free 
                                                 
1 Baumol & Oates (1988, pp. 18-19) define public goods by two characteristics: undepletability 
(consumption of a good by one person does not reduce the consumption available to anyone else) and 
non-excludability (once the good has been provided for one consumer, it is not possible to prevent 
other people from consuming it).  
2 Agricultural production may also result in negative external effects (or ³public bads´) such as 
nutrients runoff, erosion, and pollution from pesticide and herbicide use. Accordingly these negative 
effects may also be included in the term multifunctional agriculture, e.g. Romstad et al. (2000).  
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market situation a positive externality or public good, such as the cultural landscape3, could 
be provided for below its optimum level (Dillman & Bergstrom 1991). Latacz-Lohmann & 
Hodge (2001: 43) argue that ³if government policies reduce agriculture to areas that are 
competitive at world prices, the associated loss of countryside benefits may be substantial and 
may outweigh the (politically less visible) gains from freer trade´.  
The justification of (trade-distorting) agricultural support as a means to promote agricul-
ture¶s multifunctionality is not undisputed. The Norwegian Ministry of Agriculture and Food 
argues that current support levels to agriculture are justified, at least in part, to maintain the 
positive effects of agricultural multifunctionality (Norwegian Ministry of Agriculture and 
Food 2004). Researchers of the US Department of Agriculture argue, however, that multi-
functionality is an insufficient basis for continuing trade-distorting agricultural policies, and 
they maintain that many non-food benefits are achieved with greater efficiency through non-
agricultural policy instruments (Bohman et al. 1999).  
Although there exists theoretical and analytical research on the concept of multifunctional-
ity, there is a lack of empirical application and qualitative assessment on the impact of agri-
cultural policies on multifunctionality. This gap is addressed in the current project ³Opera-
tionalizing multifunctionality in the CAPRI modeling system´ financed by the Research Coun-
cil of Norway (2003-2006). The principal objective of the project is to operationalize multi-
functionality by developing indicators that measure aspects of agriculture¶s multifunctional-
ity, and that can be implemented into the CAPRI modeling system. CAPRI is an agricultural 
sector model covering more than 200 regions in the EU and Norway in addition to 13 regions 
in a world trade model for agricultural commodities (Mittenzwei and Prestegard 2004).  
As part of the project, this working paper describes the establishment of a more appropriate 
regionalization for use in assessing the effects of policies on multifunctionality. In the present 
version of the CAPRI model, regions follow the county level. When it comes to multifunc-
tionality, this approach is not satisfactory. Nersten et al. (1999) have shown that Norwegian 
farming regions typically cross counties. Alternatively, one could use the various support 
zones that have been established for different agricultural policy instruments in Norway or 
other existing regionalizations (Hegrenes et al. 2002). The support zones are primarily de-
signed to cover costs for primary agriculture related to less favourable natural conditions. 
Thus, they reflect primarily natural conditions as one selected aspect of multifunctionality. 
Therefore, the support zones are not appropriate either.  
For that reason, a different kind of regionalization had to be found. This task has been ad-
dressed by performing a cluster analysis by which Norwegian municipalities have been 
grouped with respect to their performance on variables that could describe different aspects of 
agriculture¶s multifunctionality. This information will then later on be used to regionalize the 
CAPRI model accordingly. The next chapter gives a detailed description of the cluster analy-
sis and the variables that have been selected/constructed to perform the grouping of the mu-
nicipalities into more homogenous regions regarding aspects of multifunctional agriculture. 
Different methods are discussed, and the cluster analysis is run for different predetermined 
numbers of clusters. Chapter 3 presents the results of the analyses making intensive use of 
graphical presentation and describes the selection of the final clustering result. Chapter 4 
gives a short description of the major characteristics of the ten regions in the selected cluster-
ing result. The last chapter draws some conclusions and points towards future research. Three 
annexes complete the paper. The first annex contains definitions and maps for all variables 
used in the cluster analyses. Annex 2 provides an overview of the variable means for the 
clusters in the different runs, while annex 3 presents a list showing which cluster each mu-
nicipality belongs to in the different runs.  
                                                 
3 Cultural landscapes are increasingly regarded as being at the heart of European society¶s concern 
about the future of agriculture and land use (Knickel & Peter, in press). The European Landscape 
Convention from 2000 is proof of the increasing interest in the issue of landscapes. 
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The approach used to group municipalities is cluster analysis, which is a well-known method 
within the multivariate statistical approach (Hair et al. 1995). The term ³cluster analysis´ (or 
clustering) encompasses a large number of techniques developed to decide whether a data set 
contains distinct groups or clusters of observations, and if so, to identify which of the obser-
vations belong to the same cluster (Der & Everitt 2002). The theory behind clustering is an 
expected positive relationship between the variables¶ Euclidean distance and the similarity of 
the observations. As a result, cluster analysis is driven by the trade-off between minimizing 
the Euclidean distance of observations within a cluster, and maximizing the Euclidean dis-
tance between clusters.  
Numerous methods for cluster analysis are available. Clustering can be conducted directly 
on the data set, or as a two-step procedure in combination with other statistical methods like 
factor analysis or principal component analysis. Sometimes, the number of clusters is exoge-
nous, while other methods determine the optimal number of clusters as part of the analysis. 
The resulting clusters can be disjoint, hierarchical, overlapping or fuzzy.  
For the purpose of our analysis, disjoint clusters are appropriate, i.e. each municipality is 
placed in one and only one cluster. Based on the analysis of our data set, two alternatives to 
conduct the cluster analysis appear appropriate: (1) Direct clustering of the data set, and (2) a 
two-step procedure using principal component analysis in the first step and a cluster analysis 
in the second step based on the principal components. In both alternatives, the number of 
clusters is exogenously given. This requires the selection of the final number of clusters by 
comparing the cluster results for a different number of clusters.  
Cluster analysis as a method to identify regions with similar conditions with respect to a 
set of variables has gained increasingly interest in recent years. This is especially true for 
agriucltural and rural development. Vidal et al. (2001) present a cluster analysis for the EU-15 
at the NUTS-2 level in order to group regions with respect to variables describing agriculture 
and rural development. Baum et al. (2004) conduct a similar analysis for the ten new EU-
member states at the NUTS-3 level. Furthermore, Mazzocchi and Montresor (2000) apply 
cluster analysis to study agriculture and rural development for Italian regions. While these 
studies focus on agriculture and rural development, our scope is somewhat broader as we aim 
at covering several aspects of multifunctionality.  
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The regional dimension for the cluster analysis is the municipality level. Agriculture¶s 
multifunctionality, however, does not stop at administrative border. This is especially true for 
some large Norwegian municipalities that stretch from the coastline to mountainous regions. 
As shown in Nersten et al. (1999), Norwegian farming regions typically cross the borders of 
municipalities. From this point of view, the analysis could have been enhanced by not relying 
at any administrative border at all. Due to data availability, this has not been possible. Instead, 
the municipality level as the lowest administrative level for which sufficient data are avail-
able, has been chosen for the analysis. Figure 2.1 shows the geographic distribution of the 435 
Norwegian municipalities, which enter the analysis.  
Trondheim
Oslo
Stavanger
Bergen
Kristiansund
Region around the Oslofjord
stlandets flatEygderRegion at the 
south-west coast
- ren
Region around the Trondheimsfjord
Tr¡ndelags flatEygder
 
Figure 2.1 Map of the 435 Norwegian municipalities  
  
The circles in figure 2.1 identify the three centres of agricultural production in Norway; the 
region around the Oslofjord, the region around the Trondheimsfjord and a region called 
³J ren´ at the South-Western coast. In addition, important towns like Oslo, Bergen and 
Trondheim are shown.  
At the beginning of the analysis, more than 70 variables were defined for all municipalities 
in order to cover a wide range of aspects that are expected to have a significant impact on the 
status and change of agriculture¶s multifunctionality. The selected variables are quite similar 
to the variables used in the studies of Vidal et al. (2001), Baum et al. (2004) and Mazzocchi 
and Montresor (2000). In addition, variables on agricultural landscapes are included. It should 
be noted, however, that the selection of variables hings to a great extent on data availability. 
This is especially true for a wide range of landscape indicators for which data at the munici-
pality level are not available. The different aspects and their related variables are listed in 
table 2.1.  
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A first cluster analysis including all variables did not give a satisfactory result, because it ap-
peared difficult to interpret the results ± even for a wide range of numbers of clusters. It ap-
peared that the number of variables was too high so that the grouping of municipalities be-
came somewhat arbitrary.  
Accordingly, the number of variables was reduced significantly from over 70 to 19. The 
process of selecting variables was made manually by identifying variables with the highest 
expected impact on aspects of agriculture¶s multifunctionality. Special consideration was put 
on variables measuring forest area. Several tests with and without the forest variable indicated 
a tremendous impact on the cluster result. This is probably due to forest as either important or 
insignificant for land use in many municipalities. When including the forest variable, the 
cluster result was very much dominated by that single variable. 
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From a landscape point of view, forest is an important aspect of multifunctionality. On the 
other hand, the CAPRI model does not contain forest so that the forest area is supposed to be 
stable in all model runs. In addition, the focus of this analysis is on agriculture¶s multifunctio-
nality. For these reasons, the forest variable was excluded.  
The final list of variables is shown in table 2.2. A detailed description of the variables to-
gether with a graphical presentation can be found in Annex 1. The description also contains a 
brief argument why the variables concerned have been selected.  
No standard procedure to select the final number of clusters exists (Hair et al. 1995:499). 
Instead, many criteria and guidelines have been developed. Most of them examine the simila-
rity or distance between clusters. For that reason, the set of variables is run for different num-
bers of clusters: six, seven, eight, nine, ten and fifteen clusters.  
Since the number of clusters is not a priori given, one needs to decide which number of 
clusters to choose. One method to evaluate the fitness or ³goodness´ of the cluster results has 
been developed. It is based on the aim of cluster analysis, which is maximizing the difference 
between clusters. More technically, the method calculates the sum of the absolute differences 
of the normalized cluster means for each variable separately. This allows the determination of 
those variables that have most effect on the cluster result. The results of this method are pre-
sented in absolute terms and relative terms. The latter measures the absolute difference rela-
tive to the maximal possible difference. In the case of six, seven, eight, nine, ten and fifteen 
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clusters, the maximum difference is nine, twelve, sixteen, twenty, twenty-five and fifty-six, 
respectively.4  
There are a large number of different methods available how to conduct cluster analysis. 
Based on the intensive study on the data and the correlation between them, the cluster analysis 
itself is run as a non-hierarchical analysis. Other methods like factor analysis and principal 
component analysis have also been used, but the results were less fruitful.  
 
                                                 
 4 The maximal possible difference is calculated as the solution to an optimization problem that 
maximizes the sum of n variables, where the variables can take all values between 0 and 1 (n = 6, 
7, 8, 9, 10, 15).  
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The results of the cluster analysis are shown below making extensively use of tables and 
graphs.  
A regionalization with 6 clusters gives a rather uneven distribution of municipalities (figure 
3.1). Cluster 6 dominates the overall result containing 275 out of 435 municipalities or almost 
2/3 of all municipalities (table 3.1).  
 
Cluster 6 covers all of rural Norway. The five other clusters cover central areas in Norway. 
Cluster 4 is comprised of Oslo, Stavanger and Kristiansund characterized as highly populated 
towns with a rather low level of agricultural activity.  
Somewhat surprising cluster 1 contains seemingly quite different municipalities like Hn in 
the agricultural intensive region of J ren and Hammerfest in the northern part of Norway. It 
seems that the population density variable is partly responsible for that result. Hn has just 
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55 inhabitants per sqkm, which is about national average and a little bit higher than cluster 
average.  
There are small differences for the means between cluster 1 and cluster 3.  
 
5HJLRQV
 
Figure 3.1  Result for 6 clusters 
 
Table 3.2 indicates that the most important variables are population density (POPDENS), cen-
trality (CENTRAL), the share of pasture of all agricultural area (PASTURE) and natural con-
ditions measured as (sun) energy delivery in the growing season (ENERGY). Among these 
four variables, only PASTURE is directly related to agricultural activity. Other important 
agricultural variables are the occupation of farms (FARMOCCP), the intensity of grazing 
animals (GRAZING) and the share of agricultural land of total land (UAASHR).  
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As figure 3.2 shows, the most important difference compared to 6 clusters is that 
rural Norway now is divided into two clusters (cluster 3 and cluster 5). In addition, some 
municipalities in rural Norway are contained in cluster 6. Cluster 3 and cluster 5 cover 295 
out of 435 municipalities representing a share of 66% (table 3.3). This indicates still a rather 
uneven distribution of clusters between rural areas and central areas.  
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The ³town´ cluster survives the increase of the number of clusters. The same is true for the 
grouping of municipalities in J ren and Northern Norway in cluster 6. 
There are only small differences between cluster 4 and cluster 7.  
 
5HJLRQV
 
Figure 3.2  Result for 7 clusters 
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The importance of variables is quite similar regarding the 6 cluster result and the 7 cluster 
result (table 3.4). The same four variables are still the most important ones although their 
range changes a little.  
Comparing this result with the one with 7 clusters, two clusters still dominate rural areas. 
Cluster 3 and cluster 8 cover almost 65% of all municipalities ± 292 out of 435 (table 3.5 and 
figure 3.3). The cluster with three towns exhibits a considerable strength and survives again. 
It seems that cluster 6 of the 7 clusters result (77 municipalities) is split up between cluster 1 
and cluster 5 in the 8 clusters result (46 and 45 municipalities, respectively). In addition, 
cluster 5 in the 8 clusters results takes some municipalities from cluster 3 in the 7 clusters 
result. There are just small differences between cluster 2 and cluster 7. Both clusters are made 
up of municipalities in agricultural important regions.  
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5HJLRQV
 
Figure 3.3  Result for 8 clusters 
 
When it comes to variables, nearly the same variables, that were important for the proceeding 
clusters, seem to be important for this cluster result (table 3.6).  
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As previously, the addition of one more cluster does not change the map considerably. Rural 
areas are still dominated by two clusters, cluster 1 and cluster 5, which both cover 258 mu-
nicipalities (table 3.7 and figure 3.4). The percentage share, however, declines somewhat from 
65% to 60%. This implies a greater differentiation of municipalities in central areas. Although 
the number of cluster has increased by one, municipalities at J ren are still grouped together 
with municipalities in Northern Norway. As earlier, the ³big town´ cluster persists.  
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Figure 3.4  Result for 9 clusters 
 
The same variables still tend to be most important for the grouping of municipalities into the 
clusters.  
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Moving from 9 clusters to 10 clusters seems to change the picture significantly. As can be 
inferred from table 3.9 and figure 3.5, rural areas are now covered by 3 clusters (cluster 4, 
cluster 6, cluster 8). Not surprisingly, the ³town´ cluster still survives and municipalities of 
J ren are still grouped with municipalities in Northern Norway.  
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Figure 3.5 Result for 10 clusters 
7
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Compared to the other cluster results, the importance of variables shows persistence. The 
variables on centrality, population density, energy days and pasture are still most important.  
Moving from 10 to 15 clusters changes the map considerably (see figure 3.6). Many munici-
palities seem to have been grouped differently from their neighbouring municipalities. As a 
result, the map looks like a patchwork quilt.  
Nine clusters are comprised of municipalities in rural areas, while six clusters contain mu-
nicipalities in central areas. One of these six clusters is the ³town´ cluster that comes out as a 
result of the cluster analysis for all number of clusters chosen in the analysis.  
Some clusters are quite similar. Cluster 5 and cluster 12 exhibit only small differences in 
the respective cluster means for most variables.  
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Figure 3.6  Result for 15 clusters 
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Concerning the important variables that are most responsible for the cluster result, there are 
no significant differences between the previous clusters and the actual cluster.  
In order to be able to select the final cluster, the different clusters are compared.  
 
The numbers in table 3.13 show the average %-value of the five most important variables, ten 
most important variables and all variables included in the cluster analysis.  
The six cluster result scores lowest. Concerning the five most important variables, the ten 
cluster result scores highest, while the ten cluster result and the fifteen cluster result scores 
highest when taking all variables into account. There are only small differences between the 
clusters with 7, 8 and 9 numbers.  
Another interesting aspect may be the distribution of the 435 municipalities among the 
clusters. This is shown in table 3.14.  
 
Not surprisingly, the fifteen cluster result provides the most even distribution of municipa-
lities among the different cluster analyses. As the number of clusters increases, the size of the 
clusters tends to be more equal.  
The six cluster result provides the most uneven distribution of municipalities. While the 
maximum number of municipalities in a cluster is quite the same in the seven cluster result, 
the eight cluster result and the nine cluster result, the number decreases remarkably in the ten 
cluster result from around 180 to 138.  
Considering the important variables, there are small differences between all clusters (table 
3.15). The most important variables CENTRAL, POPDENS, ENERGY and PASTURE take 
the first four places in all clusters.  
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As a result, the six cluster result does not seem to provide a sufficient description of multi-
functionality regions and should not be considered further. 
The fifteen cluster result scores high regarding the distribution of municipalities in the dif-
ferent clusters, but this is rather by definition ± as the number of clusters is considerably 
higher than for the other alternatives. Since the map of the fifteen cluster results is quite scat-
tered, it should not be considered further. 
We are then left with the seven, eight, nine and ten cluster results. There are small differen-
ces between the seven, eight, and nine clusters. The main argument against the seven, eight 
and nine cluster results is that in each result, two clusters cover more than 55% of all munici-
palities. This leads to a quite uneven distribution of municipalities. For that reason, they 
should not be considered further.  
That leaves the ten cluster result as the most appropriate grouping of municipalities with 
regard to agriculture¶s multifunctionality.  
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This chapter provides a short description of the ten cluster result with respect to important 
agricultural variables like land use, animal husbandry, production and agricultural support.  
 
5HJLRQV
 
Figure 4.1  Region labels for the selected cluster 
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In order to simplify the regional identification, the regions are given new labels. Alphanu-
merical labels have been used, and the regions are ordered following the central-peripheral 
dimension. The most central region is given label ³A´, while the most remote region is identi-
fied with label ³J´. Figure 4.1 shows the new labels for the regions.  
Table 4.1 shows the regional share of land use and animal husbandry for the ten regions in 
2002. Note that the ordering of regions has been changed compared to chapter 3.5. The re-
gions are now labelled alphanumerically, and ordered following the central-peripheral dimen-
sion.  
 
On an overall basis, regions H, E, I, and F seem to be largest from an agricultural point of 
view. Two of these regions cover rural areas (H and I), while the other two regions cover 
central areas (E and F). Roughly speaking, these four regions cover two-thirds of all agricul-
tural land and two-thirds of all animal husbandry in Norway.  
Regarding cereals and oilseeds, region E is clearly the most important region followed by 
region I. Both regions together cover more than half of agricultural land for cereals and oil-
seeds production. Region E includes municipalities in the most productive Norwegian farm-
ing regions. The two regions dominate also regarding the distribution of granivores (i.e., pigs, 
hens and poultry) indicating that the production of cereals is closely linked to the production 
of pig meat, poultry meat and eggs.  
Grassland (including fodder production on arable land and pasture) dominates in regions H 
and I, and is positively correlated with the distribution of animal husbandry among the re-
gions.  
Table 4.2 shows the distribution of agricultural production between the regions of cluster 
10. There is, of course, a close link between production on the one hand and land use and 
animal husbandry on the other hand. Again, the four regions H, E, I, and F cover around 70% 
of all agricultural production.  
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The distribution of different types of support is shown in table 4.3. Budget support comprises 
all direct support measures that are financed by Norwegian taxpayers. AMS (Aggregate 
Measurement of Support) measures support from Norwegian consumers to farmers resulting 
from the fact that producer prices in Norway are higher than at world markets.  
 
Norwegian agricultural policy has a long tradition to differentiate direct support regionally in 
order to compensate rural areas for less favourable natural conditions. Not surprisingly, rural 
areas receive the lion¶s share of budget support with 60% of total budget support in regions H, 
I, and J. Budget support in central areas (regions A, B, C and D) is, accordingly, almost insig-
nificant. This finding is, of course, partly a result of the size of the regions.  
The share of AMS in rural areas (regions H, I, and J) is only 50%. It is lower than the share 
of budget support. AMS is not regionally differentiated as farmers receive the same producer 
prices in the whole country. The regional distribution of AMS reflects the regional distribu-
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tion of production and the type of production in each region. Regions I, E and H receive most 
AMS, and these are also the regions in which most of cereal, milk and meat production is 
localized (see table 4.2).  
The ten Norwegian ³multifunctionality´ regions can be characterized along two dimen-
sions: (1) the central-periphery dimension, and (2) the division of agriculture into arable crops 
combined with non-grazing animals and grassland combined with grazing animals.  
 
Region A:  Urban centres with little agriculture.  
Region B: Urban centre or close to urban centre with little agriculture.  
Region C: Municipalities in Southern Norway with the best natural conditions for 
agriculture, the largest share of agricultural area and specialisation in cereals produc-
tion and meat production based on feed concentrates.  
Region D: Municipalities in Southern Norway with favourable natural conditions for 
agriculture, and specialisation in cereals production and meat production based on 
feed concentrates. Much like region C, but less central.  
Region E: Central areas mostly in the South-Eastern Lowland and the region around 
the Trondheimsfjord; large-scale agriculture. Due to its scale it covers 40% of cereals 
production and 25% of meat production.  
Region F: Central areas mostly in Southern Norway comparable to region E, but 
smaller lot size, and higher element of pasture.  
Region G: Individual central areas mostly along the coast surrounded by municipali-
ties of region H.  
Region H: Rural areas in Southern Norway and along the Western coast up to North-
ern Norway with a low share of agricultural area. Due to its large size the region cov-
ers a quarter of all grassland and grazing livestock.  
Region I: Remote areas covering valleys and mountainous regions in Southern Nor-
way and parts of Northern Norway with more favourable natural conditions than re-
gion J, but less favourable conditions than region H. Due to its large size it covers 
30% of all milk production.  
Region J: Most remote areas in Northern Norway and the mountainous regions 
around the Trondheimsfjord with unfavourable natural conditions and insignificant 
agricultural activities besides milk production.  
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The current regionalization of the CAPRI model follows county borders. This approach fails 
when multifunctionality is concerned, because many issues of multifunctionaliy (e.g., cultural 
landscape aspects) are independent from the administrative borders at that level. As the aim of 
the overall research project is to study the effects of policy instruments on agriculture¶s multi-
functionality, it is important to design regions that to a greater extent exhibit similar characte-
ristics with respect to agriculture¶s multifunctionality. This task has been addressed by per-
forming a cluster analysis by which Norwegian municipalities have been grouped with respect 
to their performance on variables that could describe different aspects of the multifunctional-
ity of agriculture. We have in this study successfully conducted such a cluster analysis of 
Norwegian municipalities and grouped them into 10 more homogenous regions regarding 
multifunctionality variables. As a result, the database of the CAPRI model can now be re-
gionalized with respect to the 10 new regions. Finally, in later parts of the project the CAPRI 
model with its new regionalization will be used to analyse effects of policy changes on agri-
culture¶s multifunctionality.  
The cluster analysis was not strigthforward, however. The results reinforce the critical is-
sue that the selection of variables has an important impact on the grouping of municipalities. 
When using all 72 variables, the result of the cluster analysis became difficult to interpret. It 
appeared that the information contained in the variables was too scattered in order to receive 
³meaningful´ groups of regions. It follows, that more information is not necessarily of the 
better. Reducing the number of variables improved the quality of the cluster analysis, but sup-
ported the fact that single variables may dominate the overall result. In our case, the variable 
representing forest area made a significant difference when excluded from the data set.  
With respect to the cluster analysis conducted in this working paper, it turns out that two 
non-agricultural related variables, centrality and population density, are quite important for 
the overall result. As a matter of fact, both variables are positively correlated. Municipalities 
in central areas are often highly populated, while municipalities with a low population density 
are often to be found in remote areas. Although being variables that are not directly related to 
agriculture, they are important in describing the viability of rural areas, which is an important 
element of agriculture¶s multifunctionality. In addition, the variables describing aspects of 
cultural landscape did not score very high in the cluster analysis. In other words, these 
variables were not very decisive in the clustering process. This result somewhat contradicts 
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the prior expectation that cultural landscape aspects play a major role for agriculture¶s 
multifunctionality. A possible explanation is that even the municipality level is too large in 
order to capture the large varieties of agricultural landscapes. The numerical value at the 
municipality level represents the variable¶s average value and it may be the case that too 
much information (or variation) on agricultural landscapes is lost at that point already. From a 
cultural landscape point of view, a level below the municipality level would be desirable. This 
aspect is also supported by the literature (Fry et al. 1999). For that reason, a possible approach 
for future research could be to build variables describing different aspects of agriculture¶s 
multifunctionality at the farm level (although the number of observations would increase 
tremendously from 435 to around 60 000). Furthermore, for some elements of 
multifunctionality, variables that only indirectly describe multifunctionality were used in the 
analysis. This aspect is especially evident for elements like the viability of rural areas. Hence, 
this research highlights the need for a broader perspective for farm statistics. Data at the farm 
level should no longer be restricted to primary agriculture as such, but take a broader 
perspective and describe the farm sector as an integrated part of the regional and social 
economy.  
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Figure 5.1 Growing conditions (ENERGY) 
 
The growingdegreenumber (GDN, vekstgradtall in Norwegian) takes differences in the day-
average temperature into account. The GDN is defined as the maximum of the actual day-
average temperature minus 5 or zero. For example, the GDN of a day with a day-average 
temperature of 12 oC becomes (12-5=) 7. Likewise, the GDN of a day with a day-average 
temperature of 3 oC becomes zero. The variables measures the sum of GDN in the growing 
season May-August based on the period 1961-1990 and valid for the areas below 800 m in 
Southern Norway and 500 m in Northern Norway. The data source is the Norwegian 
Meteorological Institute at the University of Oslo (http://www.met.no). 
As with the temperature and the growing days, the map showing growingdegreenumbers 
identifies the south-eastern part of Norway as the region with the best natural conditions for 
agriculture. Also, coastal regions have better climatic conditions for agriculture than 
mountainous regions.  
 
A cluster analysis of Norwegian municipalities with respect to agriculture¶s multifunctionality 
Centre for Food Policy/Norwegian Agricultural Economics Research Institute, 2004 
36 
 
Figure 5.2 Population density (POPDENS) 
 
The variable measuring population density is defined as the number of inhabitants divided by 
the total land area for the year 2001. The values are taken from the publicly accessible 
database of Statistics Norway in Oslo (http://www.ssb.no).  
The population density is highest in the area around the Oslofjord. The coastal area in 
Southern Norway and Western Norway as well as the area around Trondheim in Mid-Norway 
is also relatively highly populated. In most other parts of the country, the population density is 
below 10 inhabitants per square kilometer.  
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Figure 5.3 Centrality index (CENTRAL) 
 
The centrality index used in this analysis is taken from the Norwegian Institute for Urban and 
Regional Research (NIBR). The index is based on the size of the centre in a region, the travel 
time to the regional centre and the size of the regional labour market.  
The map exhibits similarities to the map showing population density. The most central 
areas are the ones in the south-east, along the coast in Southern Norway and Western Norway 
and in Mid-Norway. 
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Figure 5.4 Employment in food industry (FOODEMP) 
 
Employment in the food industry is calculated as the number of workers in that part of the 
food industry, which is based on agricultural produce, divided by all industrial workers for the 
year 2000. In particular, the fishing industry, which may be very important in certain 
municipalities in Northern Norway, is not included in the share. The values are taken from the 
publicly accessible database of Statistics Norway in Oslo (http://www.ssb.no). 
It appears from the map that the food industry is scattered all over Norway. Due to the 
relatively small number at the whole, food industry firms are usually not located in all 
municipalities. In those municipalities in which a food industry firm is present, the share of 
employment in the food industry may well exceed 20%. In surrounding municipalities, the 
share may be below 1%. Therefore, firms in the food industry have the potential to be a major 
local supplier of labour.  
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Figure 5.5 Employment in agriculture (AGEMP) 
 
The variable measures those working in primary agriculture as the share of all persons 
working in 2001. The values are taken from the publicly accessible database of Statistics 
Norway in Oslo (http://www.ssb.no). In OECD (1998, p. 57), it is found that the agro±food 
sector has significant economic linkages to other sectors of the economy and constitutes an 
important generator of employment in rural economies. This argument is also relevant to the 
previous variable FOODEMP. 
Employment in agriculture is negatively correlated with centrality and population density. 
Employment in agriculture is low in highly populated and central areas. This is partly because 
these areas provide a wide rage of alternative employment possibilities in other sectors. There 
are 12 municipalities in which the primary agricultural sector counts for more than 20% of 
total employment.  
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Figure 5.6 Share of farms participating in ´Utmark´-related businesses (UTMARK) 
 
The variable is defined as the percentage of farms that is involved in so-called ³utmark´-
related businesses. These businesses are defined as processing of own forest products, the 
planting of christmastrees, the hiring out of cottages and the hiring out of fishing rights and 
hunting rights. It may also involve own fishing and hunting, and the processing of such 
produce. The figures are based on the 1999 Census of Agriculture, provided by Statistics 
Norway in Oslo (http://www.ssb.no).  
³Utmark´-related businesses are most common in the central part of Norway. In some 
municipalities the share of farms involved in such types of farm diversification exceeds 50%. 
This does not mean, however, that ³utmark´-related businesses are not present in other parts 
of Norway as it only measures the share of farms that are involved in these businesses.  
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Figure 5.7 Share of farms participating in non-´utmark´-related businesses (NUTMARK) 
 
The variable is defined as the percentage of farms that is involved in so-called non-³utmark´-
related businesses. These businesses are defined as agro-services, campgrounds or traditional 
crafts. The figures are based on the 1999 Census of Agriculture provided by Statistics Norway 
(http://www.ssb.no). Bryden et al. (1993) and Jervell (1999) emphasise that many linkages 
between agriculture and the viability of rural areas occur through the pluriactivity of farm 
families. Similar linkages between agriculture and other activities through pluriactive farm 
families occur in form of the variable UTMARK (see Figure 5.6).  
Non-³utmark´-related businesses are common on many farms. There are just a couple of 
municipalities in which the share of farms not involved in non-³utmark´-related businesses is 
higher than 80%.  
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Figure 5.8 Old farm buildings (OLDBLDG) 
 
The variable measures the share of farm buildings build before 1949 out of all farm buildings. 
The data are taken from the 1999 Census of Agriculture provided by Statistics Norway 
(http://www.ssb.no). The data include not only farm buildings that are used in primary 
agriculture (like barns), but also historical farm buildings that may be used for businesses 
related to tourism. Old farm buildings often imply certain heritage values. 
The municipalities with the highest share of oldest farm buildings can be found in the 
southern part of Norway, while the municipalities in the northern part of Norway are in 
general characterized by a share of old farm buildings below 30%.  
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Figure 5.9 Utilizable agricultural area (UAASHR) 
 
The variable measures utilizable agricultural area as a percentage of total land area in 1999-
2000. The term ³utilizable´ indicates that it comprises not only agricultural area in use, but 
also fallow land and agricultural area not currently in use. The data are taken from the 
publicly accessible database at Statistics Norway (http://www.ssb.no).  
The regions with the highest share agricultural land can be found around in the south-
eastern lowlands, at the south-west coast (J ren) and around the city of Trondheim. In 
general, the percentage of agricultural land is low compared to other European countries. On 
the national average the share is about 3%.  
The map corresponds to a certain extent with the maps showing natural conditions, but 
there is also a positively correlated link to the map on population density. The share of 
utilizable agricultural area is highest in those municipalities with a high population density.  
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Figure 5.10 Lot size (LOTSIZE) 
 
The variable measures the size of a lot, where a ³lot´ is defined as a piece of land surrounded 
by a different land use than the lot itself. For example, a grass field surrounded by woods, a 
river and a crop field would be defined as a lot. Biologists normally consider small lots with 
higher biodiversity due to a more diversified landscape. Many people also prefer to view a 
diversified landscape with small lot sizes compared to high lot sizes and monocultures. 
Changes in agricultural landscapes over time show a polarization with intensification in some 
areas and abandonment in others, while varied farming landscapes, with small±scale 
landscape elements, generally provide richer habitats and higher aesthetic and recreational 
values (Fjellstad et al., 1999). In a recent Norwegian study, Bergland (1998) investigated 
peoples willingnesss to pay (WTP) for various landscape elements in a relatively intensively 
farmed arable area. Manipulated photos of the same landscape were presented to various 
groups of people. Zone vegetations along with open streams and paths, in combination, were 
seen as the most important landscape elements. WTP per household was NOK 175 for only 
stream; NOK 225 for only zone vegetations; and NOK 625 for both. 
The data are taken from the 1999 Census of Agriculture provided by Statistics Norway 
(http://www.ssb.no).  
The largest lots can be found in the main regions of agricultural acitivity, i.e. the south-
eastern Lowlands, the south-west coast, and the region around the Trondheimsfjord in Mid-
Norway. The lot size is also relatively high in the valley of Gudbrandsdalen between Oslo and 
Trondheim.  
The lot size is smallest on the southern and western coast, mostly due to the scattered 
landscape with fjords and mountains close together.  
The map is positively correlated with the map on utilizable agricultural area as a share of 
the total area in the municipality.  
.
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Figure 5.11 Density of mountain cottages (COTTGE) 
 
The variable measures the density of mountain cottages for dairy measured as the number of 
mountain cottages for dairy receiving agricultural support in a municipality divided by the 
municipality¶s utilizable agricultural area. According to many biologists, pastures used in 
connection to mountain dairy cottages often imply greater biodiversity. Quite a few of the 
plant species in Norway on the so-called red list are dependent upon grazing for their survival. 
A high density of mountain dairy cottages within a municipality thus means high biodiversity. 
Many visitors, both local and from other parts of the country or even from abroad, seem to 
appreciate the view of mountain dairy cottages, the pastures and the grazing cows; i.e. 
because of their high landscape values.  
For the mountain cottages, the data are for 2001 and taken from the publicly accessible 
database on agricultural support at the Norwegian Agricultural Authority 
(http://www.slf.dep.no). The data cover code 610 (own mountain cottages) and code 620 
(common mountain cottages). For utilizable agricultural area, the data are for 1999 and taken 
from Statistics Norway (http://www.ssb.no) for utilizable agricultural area   
Mountain cottages for dairy are traditionally used in the mountainous areas of Southern 
Norway.  
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Figure 5.12 Use of mountain cottages (MONCOW) 
 
The variable measures the share of dairy cows as well as suckler cows that are eligible for the 
so-called ³utmark´-support, and can be used as an indication of the size and use of mountain 
cottages. It should be noted, however, that cows that receive the ³utmark´-support do not 
necessarily need to graze on mountain cottages.  
The data are for 2001 and taken from the publicly accessible database on agricultural 
support at the Norwegian Agricultural Authority (http://www.slf.dep.no). The data cover code 
410 (cows on ³utmark´).  
The areas with the highest shares of cows receiving ³utmark´-support are the western and 
mountainous parts of Norway and along the coastline in the North. 
The map coincides with the map on mountain cottages when it comes to the western parts 
of Norway.  
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Figure 5.13 Steep agricultural area (STEEP) 
 
The variable measures the share of utilizable agricultural area that is eligible for the so-called 
³steep agricultural area´-support. These steep agricultural areas are often found in the fjord 
districts or mountain valleys often associated with high landscape values with importance for 
tourism. 
The data are for 2001 and taken from the publicly accessible database on agricultural 
support at the Norwegian Agricultural Authority (http://www.slf.dep.no) and cover code 295 
(steep area). 
The areas with the highest share of agricultural area receiving the ³steep agricultural 
area´-support are the western and mountainous parts of Norway and to some extent the coast-
line in the North. 
The map is somewhat similar to the map on the use of mountain cottages.  
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Figure 5.14 Share of pasture (PASTURE) 
 
The variable measures grassland as a share of utilizable agricultural area.  
The data for pasture are for 2001 and taken from the publicly accessible database on 
agricultural support at the Norwegian Agricultural Authority (http://www.slf.dep.no) and 
cover code 210 (grass on arable land), code 211 (grass on surface cultivated land) and code 
212 (grazing land).  
The map shows a clear demarcation between the south-eastern Lowlands and the other 
parts of Norway. The share of pasture is below 30% in the south-eastern Lowlands and above 
30% in the rest of Norway. This is partly an effect of Norwegian agricultural policy starting in 
the 1950s to increase the use of arable land in the south-eastern Lowlands by increasing the 
cereal price relative to the milk price. Another cause for the distinct regional distribution is 
natural conditions.  
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Figure 5.15 Organic agricultural area (ORGAREA) 
 
The variable measures agricultural area used to produce organic food as a share of utilizable 
agricultural area. Kuiper (1997), Rossi and Nota (2000) and Clemetsen and van Laar (2000) 
suggest that organic farms can have more positive effects on landscape values than 
conventional farms (greater diversity of landscapes, ecosystems and species). 
The data for organic agricultural area are for 2001 and taken from the publicly accessible 
database on agricultural support at the Norwegian Agricultural Authority 
(http://www.slf.dep.no) and cover code 203 (organic area for cereals production), code 204 
(other organic area), code 205 (area under conversion to organic farming practices) and code 
208 (organic area to be fertilized with organic crop material).  
The map indicates no clear centres for organic farming in Norway. It seems, however, that 
the share is higher in mountainous regions compared to lowland regions.  
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Figure 5.16 Small farms (FARMSIZE) 
 
The variable measures the share of farms below 10 ha per farm out of all farms. A high share 
of small farms in an area are often associated with a more aesthetical landscape and higher 
biodiversity than a high share of larger farms in an area. 
The data are taken from the 1999 Census of Agriculture provided by Statistics Norway 
(http://www.ssb.no).  
The map indicates a clear regional distribution regarding farm size. The largest farms are 
to be found in the centres of agricultural production (i.e., the south-eastern Lowlands, the 
south-west coast and the region around Trondheim in Mid-Norway). The share of small farms 
is highest in the central parts of Southern Norway, in the Western part of Norway and along 
the coast in Northern Norway.  
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Figure 5.17 Farm occupation (FARMOCCP)  
 
The variable measures the share of unoccupied farms out of all farms. A low share of 
unoccupied farms in an area must be regarded as a sign of a viable rural area, while a high 
share is the opposite.  
The data are taken from the 1999 Census of Agriculture provided by Statistics Norway 
(http://www.ssb.no).  
The map corresponds with the centre of agricultural production in Norway. The highest 
share of occupied farms can be found in the south-eastern Lowlands, the south-west coast and 
the region around Trondheim in Mid-Norway. In addition, there is high share of farm 
occupation in the western part of Norway.  
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Figure 5.18 Grazing animal density (GRAZING) 
 
The variable measures the density of grazing animals (measured as livestock units (LU)) per 
ha of utilizable agricultural area. Grazing animals cover dairy cows (1 LU), suckler cows (2/3 
LU) and ewes (1/7 LU). The weights are taken from Norwegian regulations concerning 
manure (³Forskrift om husdyrgj¡dsel´).  
The data for animal numbers are for 2001 and taken from the publicly accessible database 
on agricultural support at the Norwegian Agricultural Authority (http://www.slf.dep.no). The 
utilizable agricultural area is taken from the 1999 Census of Agriculture provided by Statistics 
Norway (http://www.ssb.no).  
The map shows a clear regional differentiation. The south-eastern Lowlands are 
characterized by a low density of grazing animals. This is partly due to the policy in the 1950s 
to increase cereals production in this area, but also a consequence of general economic 
development. The density of grazing animals is highest in the south-western and western parts 
of Norway. 
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Figure 5.19 Non-grazing animal density (NONGRAZ)  
 
The variable measures the density of non-grazing animals (measured as livestock units (LU)) 
per ha of utilizable agricultural area. Non-grazing animals cover laying hens (1/80 LU) and 
sows (incl. 20 pigs for slaughtering) (1/2.5 LU + 20*1/18 LU = 1.511 LU). The weights are 
taken from Norwegian regulations concerning manure (³Forskrift om husdyrgj¡dsel´).  
The data for animal numbers are for 2001 and taken from the publicly accessible database 
on agricultural support at the Norwegian Agricultural Authority (http://www.slf.dep.no). The 
utilizable agricultural area is taken from the 1999 Census of Agriculture provided by Statistics 
Norway (http://www.ssb.no).  
The map shows a clear regional differentiation and corresponds somewhat to the map 
showing the density of grazing animals. The south-eastern Lowlands are characterized by a 
high density of non-grazing animals. The density is also high at the south-west coast (where 
also the density of grazing animals is high) and in the region around Trondheim in Mid-
Norway. 
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